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Blood and ectoparasitic ticks were collected from migratory seabirds in New Zealand, 19 
including Australasian gannets (n = 13) from two sites, and red-billed gulls (n = 9) and white-20 
fronted terns (n = 2) from a third location. Blood smears were screened for parasite presence by 21 
microscopy, while DNA from blood samples was subjected to PCR for the presence of tick-22 
transmitted protozoan haemoparasites belonging to the order Piroplasmida. Parasites were 23 
identified by comparing small subunit ribosomal RNA (18S rDNA) gene sequences to related 24 
sequences on GenBank. Analyses indicated that nine birds were infected with unknown variants 25 
of a Babesia poelea-like parasite (recorded as genotypes I and II), while four harboured a 26 
piroplasm that was genetically similar to Babesia kiwiensis. There was no parasite stratification 27 
by bird species; both the gannets and gulls were positive for all three parasites, while the terns 28 
were positive for the B. kiwiensis-like and the B. poelea-like (genotype I) parasites. The B. 29 
kiwiensis-like parasite found in the birds was also found in two species of ticks: Carios capensis 30 
and Ixodes eudyptidis. This represents the first report of Babesia-positive ticks parasitising 31 
seabirds in New Zealand. The lack of host specificity and evidence of wide ranging distributions 32 
of the three piroplasm genotypes suggest there is a high degree of haemoparasite transmission 33 
occurring naturally between New Zealand seabird populations and species. 34 
 35 
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1. Introduction 40 
Arguably, the extraordinary mobility of migratory seabirds, together with their 41 
distribution and ability to form very large colonies (with up to millions of individuals in some 42 
cases), makes them potentially suitable to spread pathogens of veterinary and medical 43 
importance worldwide (Tsiodras, et al., 2008, Wilkinson, et al., 2014). The parasite-vector-host 44 
system for migratory seabirds is particularly complex given that the spatial and temporal 45 
domains of such interactions are amplified through the hosts biology and ecology (Sandor, et al., 46 
2014). 47 
The order Piroplasmida (phylum: Apicomplexa) includes three main genera of protozoan 48 
haemoparasites infecting mammals and birds: Babesia, Theileria and Cytauxzoon. Babesia spp. 49 
are the second most common tick-transmitted parasites of mammals after the trypanosomes 50 
(Hunfeld, et al., 2008), with 16 named species reported from 15 avian families: B. moshkovskii, 51 
B. kazachstanica, B. uriae, B. kiwiensis, B. ardeae, B. frugilegica, B. emberizica, B. shortti, B. 52 
balearicae, B. rustica, B. bennetti, B. mujunjumica, B. peircei, B. poelea, B. krylovi, and B. 53 
ugwidiensis (Franke, et al., 2010, Jefferies, et al., 2008, Peirce, 2005, Peirce and Parsons, 2012, 54 
Yabsley, et al., 2009, Yabsley, et al., 2006, Yabsley, et al., 2006). Additional piroplasms, such as 55 
B. divergens, B. venatorum (formerly Babesia sp. EU1 genotype) and B. microti, causing bovine 56 
and (life-threatening) zoonotic babesiosis respectively, have been identified in ticks removed 57 
from migratory birds from various countries (Capligina, et al., 2014, Hasle, et al., 2011, 58 
Hildebrandt, et al., 2010, Movila, et al., 2011). 59 
As molecular studies on avian Babesia spp. are relatively scarce, small subunit ribosomal 60 
RNA gene (18S rDNA) sequences (the main molecular taxonomic marker) are currently 61 
available for only four bird-derived Babesia parasites: B. kiwiensis (GenBank accession number 62 
EF551335), B. poelea (DQ200887), B. uriae (FJ717705) and B. bennetti (DQ402155). 63 
Sequences from B. microti, B divergens and B. venatorum were also recently obtained 64 
(KC297160, KC297161, KC310495; (Capligina, et al., 2014), but their utility for phylogenetic 65 
reconstruction is limited by their relatively small length (260-303 base pairs). To improve our 66 
knowledge of avian piroplasms, the aim of the present study was to sequence piroplasms in 67 
blood sampled from migratory birds in New Zealand. This was carried out as part of a research 68 
project, conducted from July 2007 to June 2009, on the ecology of vector-borne diseases in New 69 


































































1. Materials and Methods 71 
1.1. Sample collection 72 
This work was conducted under DOC (Department of Conservation) Global Concession 73 
CA-5160-OTH; DOC Research and Collection Permits NM-22225-RES, ECHB-22299-FAU, 74 
AK-22099-FAU, NM-23980-RES and ECHB-24005-FAU; Landcare Research Animal Ethics 75 
Authority 07/12/01; New Zealand National Bird Banding Scheme Institutional Permit to Band 76 
Birds No. 2007/83; and an Auckland Regional Council permit to undertake research study in 77 
Muriwai Regional Park.  78 
Surveys for vector-borne diseases in vertebrate wildlife hosts were carried out in New 79 
Zealand during 2008-2009 (Tompkins, et al., 2010). As part of these surveys thin peripheral 80 
blood smears, from multiple migratory seabird species, were pre-screened (microscopically) for 81 
blood parasites. Intra-erythrocytic inclusions, presumed to be Babesia spp., were observed in 82 
three hosts: Australasian gannets (Morus serrator) from Muriwai Beach and Cape Kidnappers, 83 
and red-billed gulls (Chroicocephalus scopulinus) and white-fronted terns (Sterna striata) from 84 
the Kaikoura peninsula (Figure 1).  85 
In the present study, a subset of whole blood samples (n = 24) from individuals of all 86 
three species were chosen for follow-up molecular diagnostics (Table 1): eight Australasian 87 
gannets from Cape Kidnappers (three with negative blood smears, and five positive for Babesia 88 
sp.); five Australasian gannets from Muriwai Beach (three blood smears with unidentified 89 
inclusions, and two with Babesia sp.); nine red-billed gulls (one blood smear with unidentified 90 
inclusions and eight with Babesia sp.) and two white-fronted terns (both blood smears positive 91 
for Babesia sp.) from Kaikoura peninsula. A small number of ectoparasitic ticks (n = 8) collected 92 
opportunistically at Kaikoura peninsula during the surveys are also tested for piroplasm 93 
presence. 94 
 95 
1.2. DNA extraction 96 
DNA extractions from blood (0.5 – 1 mL) and ectoparasites were performed in New 97 
Zealand, using the QIAamp DNA mini kit (Qiagen, USA). Prior to extractions, ectoparasites 98 
were washed twice in sterile, molecular grade water and sliced on sterile Petri dishes using sterile 99 
scalpel blades. Mock extractions were also carried out from sterile molecular-grade water, to test 100 


































































purity by agarose gel electrophoresis and quantified by spectrophotometric absorbance using a 102 
Nanodrop ND-1000 (Thermo Scientific, USA). Following extraction, DNA preparations were 103 
stored at -20 ºC before shipment to Murdoch University for analysis. 104 
 105 
1.3. PCR amplification 106 
DNA samples were screened for the presence of piroplasmid-specific 18S rDNA by 107 
nested PCR (850 bp), using the BTF1/BTR1 and BTF2/BTR2 primer pairs as previously 108 
described (Jefferies, et al., 2007). A second nested PCR assay, developed during the present 109 
study and validated in a previous publication (Paparini, et al., 2012), was also implemented to 110 
obtain longer 18S rDNA fragments (1,466 bp) from positive samples. 111 
All PCR reactions (25 µL) were run on a G-Storm GS1 standard block thermal cycler (G-112 
Storm, UK). The nested PCRs were performed using 1 μL of total genomic DNA in the primary 113 
PCR, and 1 μL of primary PCR amplicon in the secondary PCR. Reactions included 1.5 mM 114 
MgCl2, 0.1 mM dNTPs, 0.4 µM of each primer, and 0.02 U/μL Kapa Taq DNA polymerase 115 
(Kapa Biosystems, USA). 116 
The PCR conditions for the primary PCR (primers BT18SF1/BT18SR1) consisted of a 117 
pre-PCR step of 95 ºC for 5 minutes, followed by 40 cycles of 94 ºC for 30 seconds, 52 ºC for 30 118 
seconds, an extension of 72 ºC for 2 minutes, and a final extension of 72 ºC for 7 minutes. The 119 
PCR conditions of the secondary PCR (primers BT18SF2/BT18SR2) consisted of a pre-PCR 120 
step of 95 ºC for 5 minutes, followed by 40 cycles of 94 ºC for 30 seconds, 50 ºC for 30 seconds, 121 
an extension of 72 ºC for 1 minute and 20 seconds, and a final extension of 72 ºC for 7 minutes. 122 
 123 
1.4. Molecular identification of avian hosts 124 
A selection of the piroplasmid positive DNA samples were also screened with primers 125 
designed to amplify the cytochrome b gene of vertebrates, using methods and conditions 126 
previously described (Kocher, et al., 1989), to verify vertebrate host identity. 127 
 128 
1.5. Sequencing 129 
PCR products were run on a 1% agarose gel containing SYBR Safe Gel Stain 130 
(Invitrogen, USA), and visualised with a dark reader trans-illuminator (Clare Chemical Research, 131 




































































DNA purification Kit (MO BIO, USA), and sequenced bi-directionally (i.e. 133 
using both forward and reverse primers) using an ABI Prism Terminator Cycle Sequencing kit 134 
(Applied Biosystems, USA) on an Applied Biosystem 3730 DNA Analyzer. Sequences were 135 
checked against the GenBank nucleotide database using BLAST, and imported into various 136 
sequence manipulation software suites for phylogenetic reconstruction as described below. 137 
 138 
1.6. Phylogenetic analysis 139 
Nucleotide sequences generated for the piroplasmid-specific 18S rDNA were aligned 140 
with a number of related sequences from GenBank using MUSCLE (Edgar, 2004), and trimmed 141 
with Gblocks (Castresana, 2000). Phylogeny was inferred by the maximum likelihood method 142 
(ML) using PhyML (Dereeper, et al., 2008), with the GTR (+I (0.56)+G(0.45)) model of 143 
evolution (Tavaré, 1986). Reliability of inferred trees was assessed by the approximate 144 
likelihood ratio test (aLRT), a statistical test of branch support and an alternative to non-145 
parametric bootstrap branch support estimation (Anisimova and Gascuel, 2006). The appropriate 146 
models of nucleotide substitution for ML analysis were chosen using the Akaike information 147 
criterion (Akaike, 1974) in the software program jModeltest 0.1.1 (Posada, 2008). Phylogenetic 148 
analysis was conducted in MEGA 4 (Tamura, et al., 2007). All codon positions were included, 149 
and all positions containing gaps and missing data were eliminated from the dataset (i.e. 150 
‘complete deletion’ option). Bootstrap analysis was conducted using 1,000 replicates to assess 151 
the reliability of inferred tree topologies. The Jukes-Cantor model was chosen following the 152 
guidelines of Nei and Kumar (2000), and used with MEGA 4 (Tamura, et al., 2007) to calculate 153 
genetic distances. 154 
 155 
2. Results 156 
2.1. Ectoparasites 157 
The ticks collected were morphologically identified as Carios capensis (formerly 158 
Ornithodoros capensis; n = 8) and Ixodes eudyptidis (n = 5). The C. capensis ticks comprised 159 
three adult females and five nymphs collected off a red-billed gull; the five I. eudyptidis ticks 160 




































































2.2. Molecular analyses 164 
Of the 24 blood samples screened by PCR, 64.0 % (n = 16) were positive for 165 
piroplasmid-specific 18S rDNA (Table 1): seven gannets (7/13 = 53.8 %), seven gulls (7/9 = 166 
77.8 %), and two terns (2/2 = 100.0 %). Seven ticks, two adult females and four nymphs of C. 167 
capensis, and one adult male I. eudyptidis, were also positive (7/13 = 53.8 %). All positive and 168 
negative PCR controls produced appropriate results. Interestingly, there was poor 169 
correspondence between those blood samples that were positive on microscopy and those that 170 
were PCR positive. 171 
 172 
2.3. Phylogenetic analysis 173 
Three PCR positive birds (one gannet and two gulls) produced very faint PCR bands that 174 
could not be processed further; sequencing of PCR products was thus only possible for 13/16 175 
positive samples. Phylogenetic reconstruction revealed three new unique sequence variants that 176 
grouped with two bird-derived variants already known (Table 2). Two of the new variants were 177 
similar to Babesia poelea (DQ200887) from brown boobies (Yabsley, et al., 2006), and the third 178 
was similar to Babesia kiwiensis (EF551335), from the North Island brown kiwi (Jefferies, et al., 179 
2008). 180 
The two nearly-identical B. poelea-like sequences (I and II) differed from one another by 181 
a single nucleotide polymorphism (SNP) and a single nucleotide insertion/deletion (INDEL) that 182 
introduced a gap in the multiple sequence alignment. The B. poelea-like sequence I was 183 
identified in six birds: three Australasian gannets, two red-billed gulls, and one white-fronted 184 
tern. The B. poelea-like sequence II was found in three birds: one Australasian gannet and two 185 
red-billed gulls. The B. kiwiensis-like sequence was found in four birds: two Australasian 186 
gannets, one red-billed gull, and one white-fronted tern. The sequences obtained from the PCR 187 
positive ticks were all identified as B. kiwiensis-like. 188 
The ML phylogenetic analysis of the three piroplasm sequences identified is presented in 189 
Figure 2. The B. poelea-like isolates obtained during the present study clustered tightly (100 % 190 
bootstrap value) with the known B. poelea/B. uriae clade (Lack, et al., 2012). Despite this, the 191 
novel genotypes from the present study appeared significantly different from the known avian 192 
species B. poelea and B. uriae, forming a separate clade with 67 % bootstrap value (Babesia 193 


































































additional ML phylogenetic analysis was conducted to include Babesia sp. isolate JM-2013 195 
identified from brown boobies (Sula leucogaster) in Brazil (Quillfeldt, et al., 2011), which has a 196 
slightly shorter 18S rDNA sequence. In the resultant ML tree (not presented), Babesia sp. isolate 197 
JM-2013 also nested within the B. poelea/B. uriae clade, but separately to the two B. poelea-like 198 
genotypes (with B. poelea from S. leucogaster on Johnston Atoll in the Central Pacific; 99 % 199 
bootstrap value). Conversely, the B. kiwiensis-like sequence obtained during this study grouped 200 
with B. kiwiensis (99 % bootstrap value), a known species from the North island brown kiwi 201 
(Apteryx australis mantelli; (Jefferies, et al., 2008). 202 
Pairwise genetic distances showed that the nearly identical B. poelea-like sequences 203 
obtained here were 0.3±0.2 % and 0.7±0.2 % distant from B. poelea and B. uriae, respectively, 204 
while the B. kiwiensis-like sequence obtained here was 1.6±0.3 % distant from B. kiwiensis 205 
(Table 2). 206 
 207 
2.4. Cytochrome b PCR 208 
Partial fragments of cytochrome b gene were obtained from five of the birds positive for 209 
piroplasm DNA (two Australasian gannets, two red-billed gulls, and one white-fronted tern). 210 
Although the sequences generated were not 100% readable, they were sufficient to distinguish 211 
the three hosts sampled from one another to genus level. The closest GenBank match for the 212 
gannet cyt b sequences was the northern gannet (Morus serrator), for the red-billed gull 213 
sequences was the silver gull (Larus novaehollandiae), and for the white-fronted tern sequence 214 
was confirmed as collected from a white-fronted tern (Serrator striata). Apart from a short 215 
sequence (GenBank acc. number AF268516), representative cytochrome b sequences for the red-216 
billed gull were not available in GenBank. 217 
 218 
3. Discussion 219 
A relatively recent review, focusing on avian haemoparasites, concluded that infections 220 
probably affect around one third (27 %) of seabirds (Quillfeldt, et al., 2011). In the present study 221 
Babesia was molecularly identified in Australasian gannets, red-billed gulls and white-fronted 222 
terns. To the best of our knowledge, this is the first report of Babesia spp. in gannets and terns. 223 
Our phylogenetic analysis identified novel minor genetic variants, two of B. poelea and one of B. 224 


































































piroplasms to be more closely related to mammalian Babesia spp. than to Theileria spp. 226 
(Jefferies, et al., 2008, Yabsley, et al., 2009, Yabsley, et al., 2006). Babesia poelea was 227 
originally assigned to the genus Babesia on the basis of lack of observed schizogony in host 228 
lymphocytes (Work and Rameyer, 1997). Nonetheless, the exact (molecular) phylogenetic 229 
position of the bird piroplasms B. poelea and B. uriae is problematic (Lack, et al., 2012, 230 
Schnittger, et al., 2012). While for Lack et al. (2012) these two species formed a unique, strongly 231 
supported clade (≥ 0.95 Bayesian posterior probability and ≥ 70 % maximum parsimony 232 
bootstrap value), Schnittger et al. (2012) did not confirm paraphyly and indicated B. poelea as a 233 
sister species to the whole B. duncani/conradae clade (the “western clade” or “prototheilerids”). 234 
Similarly, in Jefferies et al. (2008) and Yabsley et al. (2006)(Jefferies, et al., 2008, Yabsley, et 235 
al., 2006), B. poelea clearly clustered with the western clade (93 - 96 % bootstrap value), but also 236 
showed a looser association with various Theileria spp. 237 
It is well known that the outcome of phylogenetic reconstructions (topology, branch 238 
length etc.) can be significantly affected by numerous factors (Brocchieri, 2001). Some of these 239 
factors are under the investigator’s control (method used, gap treatment option, choice of 240 
outgroup, species sampling, alignment strategy etc.), while others are inherent to the dataset and 241 
just have to be recognised and processed (alignment quality, species sampling, evolutionary 242 
rates, paralogy etc.). With a clear split between the B. poelea/B. uriae clade and the 243 
prototheilerids, the 18S rDNA-based reconstruction presented here is consistent with the results 244 
of Lack, et al. (2012). However, all of these studies (including ours) implemented different 245 
analytical methods, which may explain some of the observed differences.  246 
Although B. bennetti has previously been described in the yellow-legged gull (Larus 247 
cachinnans; (Merino, 1998), the molecular analyses presented here suggest that this parasite is 248 
only distantly related to those detected in gulls here. This finding is consistent with the 249 
predictions of previous authors (Lack, et al., 2012, Peirce, 2000), that the true diversity of avian 250 
piroplasms will become apparent as more avian piroplasms are described and included in 251 
phylogenetic analyses.. 252 
Clear-cut criteria have previously been adopted to define the upper/lower limits for 253 
genetic identity values, above or below which the corresponding isolates would be affiliated to 254 
the same or different species (Schnittger, et al., 2003). For an 18S rDNA dataset, isolates 255 


































































≥ 3.4%). In the same way, isolates belonging to a single Babesia species have to show ≥ 97.9% 257 
similarity (i.e. genetic distance ≤ 2.1%). On the basis of Schnittger's rules, the piroplasmids 258 
identified in the present study are insufficiently different at the 18s rDNA gene to B. kiwiensis 259 
(1.6 % genetic difference) and B. poelea (0.3 % genetic difference), to be considered new 260 
species. Minor sequence variation can sometimes result from PCR amplification error. This is, 261 
however, an unlikely explanation for the sequence variation found in this study, as the genetic 262 
differences were not randomly distributed within the sequence but, rather, shared by several 263 
individuals. 264 
Babesia uriae was originally described from blood collected from three common murres 265 
(also known as common guillemots; Uria aalge) from California. It was assigned to the genus 266 
Babesia and considered a novel species on the basis of i) molecular data and ii) assumed 267 
vertebrate host family specificity of avian babesias (Peirce, 2000). This second criterion has also 268 
been considered when reviewing the species status of B. poelea (Peirce, 2000). Our molecular 269 
survey detected B. kiwiensis-like and B. poelea-like sequences in: Australasian gannets (family 270 
Sulidae), red-billed gulls (Laridae) and white-fronted terns (Sternidae). BLAST searches of the 271 
sequences obtained from the vertebrate host marker (cytochrome b) during the present study 272 
confirmed the morphological identifications of the avian species surveyed. In this respect, the 273 
present study goes against the hypothesis that most species of (avian) Babesia are host-specific 274 
to the family and often the sub-family level (Peirce, 2000). 275 
While the molecular association of the bird-derived B. kiwiensis-like isolate with other 276 
mammalian babesids confirms previous studies (Jefferies, et al., 2008, Yabsley, et al., 2009, 277 
Yabsley, et al., 2006), it potentially conveys misleading information. The molecular systematics 278 
of avian piroplasms (18S rDNA) currently relies on sequences from only four taxa: B. kiwiensis 279 
(EF551335), B. poelea (DQ200887), B. uriae (FJ717705) and B. bennetti (DQ402155). Such 280 
limited sequence data available from wildlife may have led, for example, to deceivingly close 281 
phylogenetic associations of Babesia sp. FP44 from the Florida panther (DQ329138) with 282 
Babesia sp. AJB-2006 from the North American river otter (DQ028958) and Babesia sp. 283 
MA#230 from a Japanese raccoon (AB251608); the genetic distances between these 284 
piroplasmids is ≤ 2.9 ± 0.5 %; (Jinnai, et al., 2009)Figure 2). It is expected that piroplasms 285 
systematics will change as we discover more information, to provide increasingly better 286 


































































The Babesia sequences identified here showed no evidence of host specificity. This also 288 
suggests a low specificity of the tick vector(s) for the families of seabirds sampled (Sulidae, 289 
Laridae and Sternidae), a suggestion which is compatible with high observed global tick 290 
infestation rates of seabirds (Dietrich, et al., 2011). In New Zealand, at least seven tick can infest 291 
seabirds (C. capensis, I. amersoni, I. auritulus zealandicus, I. eudyptidis, I. jacksoni, I. 292 
kerguelenensis, and I. uriae; (Heath, et al., 2011)), but no piroplasm species has ever been 293 
detected in seabird ticks (Dietrich, et al., 2011). The present study identified piroplasmid-specific 294 
DNA (B. kiwiensis-like) in two species of ticks: C. capensis and I. eudyptidis. This thus 295 
represents the first report of babesia-positive seabird ticks from New Zealand. Since ticks are 296 
haematophagous, it is not unexpected that identical piroplasm sequences were identified in both 297 
vertebrate- and invertebrate hosts; despite the fact that vector competency cannot be confirmed, 298 
this finding suggests that these two tick species are vectors of the Babesia spp. detected. 299 
Our analysis of samples from seabirds from three diverse locations in New Zealand 300 
suggests the possibility of inter-host species transmission and shows spatial dispersal of 301 
piroplasmids in different NZ seabird populations. Although this raises questions about the 302 
importance of these migratory birds as potential reservoirs of clinically- and veterinary-relevant 303 
parasites (and about the role of these birds in their dissemination), no known zoonotic species 304 
were found during the present survey. The detection of DNA belonging to avian piroplasmids in 305 
ticks associated with these wild birds also suggests the potential role for these ectoparasites as 306 
vectors, with potential implications for possible tick-management strategies.  307 
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Figure caption 419 
Figure 1. During surveys for vector-borne diseases in vertebrate wildlife hosts carried 420 
out 2008-9 in New Zealand, thin peripheral blood smears were collected from multiple migratory 421 
seabird species (Tompkins, et al., 2010). Babesia spp. were identified microscopically in three 422 
hosts: Australasian gannets from Muriwai Beach and Cape Kidnappers, and red-billed gulls and 423 
white-fronted terns from Kaikoura peninsula. DNA extracted from whole blood samples from all 424 
three species (and associated ectoparasitic ticks from Kaikoura peninsula) was analysed 425 
molecularly during the present study. 426 
Figure 2. Phylogenetic analysis of the Piroplasmida, based on partial sequences of the 427 
18S rDNA locus. Evolutionary history was inferred using the Maximum Likelihood method. 428 
Branch support/bootstrap values (≥50 % only shown) are indicated by each node. Wild seabird-429 
derived sequences obtained from the present study are in bold, and identified by the triangle (▼). 430 



































































Table 1. Summary of the bird blood samples tested for piroplasm-specific 18S rDNA, and sequence type obtained. Samples IDs and blood 
smear results are from Tompkins et al. (2010). 
Vertebrate (avian) host 
Sampling location 
Microscopic identification Molecular identification 
Bird field ID Species (common name) Blood smear DNA 
08-109 #8 Australasian gannet 
Cape Kidnappers 
(n=8) 
Negative B. poelea-like I 
08-109 #15 Australasian gannet Negative B. poelea-like I 
08-122 #36 Australasian gannet Negative B. poelea-like II 
09-1454 #2 Australasian gannet Babesia sp. Unknown positive 
09-1454 #3 Australasian gannet Babesia sp. B. poelea-like I 
09-1454 #4 Australasian gannet Babesia sp. Negative 
09-1454 #11 Australasian gannet Babesia sp. Negative 
09-1454 #22 Australasian gannet Babesia sp. Negative 
08-165 #1 Australasian gannet 
Muriwai beach 
(n=5) 
Unidentified inclusion B. kiwiensis-like 
08-165 #11 Australasian gannet Unidentified inclusion Negative 
08-167 #1 Australasian gannet Unidentified inclusion Negative 
08-229 #18 Australasian gannet Babesia sp. B. kiwiensis-like 
08-229 #19 Australasian gannet Babesia sp. Negative 
08-231 #4 Red-billed gull 
Kaikoura peninsula 
(n=11) 
Unidentified inclusion Negative 
08-231 #8 Red-billed gull Babesia sp. B. kiwiensis-like 
08-231 #17 Red-billed gull Babesia sp. B. poelea-like I 
08-2409 #114 Red-billed gull Babesia sp. B. poelea-like II 
08-2409 #191 Red-billed gull Babesia sp. B. poelea-like I 
08-2409 #206 Red-billed gull Babesia sp. Negative 
08-2409 #221 Red-billed gull Babesia sp. Unknown positive 
08-2409 #222 Red-billed gull Babesia sp. B. poelea-like II 
08-2409 #223 Red-billed gull Babesia sp. Unknown positive 
09-1454 #549 White-fronted tern Babesia sp. B. kiwiensis-like 
09-1454 #590 White-fronted tern Babesia sp. B. poelea-like I 
Total positive identifications 17 13 
Uncertain identifications 4 3 
 
Table 1
Click here to download Table: 04 Table 1 (birds).docx 
Table 2. Percentage pairwise genetic distances ± standard error (S.E.) between the 18S rDNA of 
the piroplasmids from Australasian gannets, Red-billed gulls and White-fronted terns (in bold), 
and the most closely related known piroplasms. Distances were determined using the Jukes-
Cantor nucleotide substitution model. GenBank accession numbers for previously known species 
are given in brackets. Minimum pairwise distance values, between each genotype from the 


















   
B. kiwiensis 
(EF551335) 










6.6±0.7 0.7±0.2 0.7±0.2 7.0±0.7 0.6±0.2 
 
*
Babesia uriae was originally submitted to GenBank as Babesia sp. MJY-2009a. 
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 Theileria sinensis 
 Theileria buffeli 
 Theileria separata 
 Theileria capreoli 
 Theileria parva 
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 Theileria sp. giraffe 0505 
 Theileria velifera 
 Theileria mutans 
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 Cytauxzoon felis 
 Cytauxzoon manul 
 Cytauxzoon sp. Enebro Iberian lynx 
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 Piroplasmida sp. OtsuMNR Large Japanese field mouse 
 Piroplasmida sp. NcWy50X Chinese white-bellied rat 
 Theileria bicornis 
 Babesia bicornis 
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 Babesia uriae 
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 B. poelea-like genotype II 
 Babesia bennetti 
 Babesia crassa 
 Babesia major 
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 Babesia occultans 
 Babesia caballi 
 Babesia sp. GA1 Dog 
 Babesia canis vogeli 
 Babesia sp. MA#230 Japanese raccoon 
 Babesia odocoilei 
 Babesia sp. AJB-2006 North American river otter 
 Babesia sp. FP44 Florida panther 
 Babesia kiwiensis 
 B. kiwiensis-like 
 Babesia sp. WA1 isolate CA6 Human infant 
 Babesia conradae 
 Babesia lengau 
 Babesia rodhaini 
 Babesia felis 
 Babesia leo 
 Babesia microti 
 Hepatozoon canis 
 Cryptosporidium parvum 
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